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ulti-layer rotary recording medium and recording/reproducing method and apparatus 
thereof 



(57) A recording method includes a reading step of 
detecting a reflection light from a recording layer to 
which a recording is to be made and converting the de- 
tected light into a read signal; a detecting step of detect- 
ing a position of a preformatted area of a recording layer 
which the optical beam transmits therethrough other 



than the recording layer to which a recording is to be 
made: and a correcting step of correcting intensity of an 
irradiation light beam or a reproduced signal on the ba- 
sis of the read signal and the preformatted area position. 
An apparatus for carrying out the recording method is 
also provided. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The present invention relates to a method and 
apparatus for recording and/or reproducing an optical 
recording medium and, more particularly to a method 
and apparatus for recording and/or reproducing a multi- to 
layer rotary recording medium having a plurality of re- 
cording layers having data recording regions divided by 
Preformatted regions, 

2. Des cription of the Related Art 15 

[0002] Recently, muiti-iayer optical disc capable of in- 
creasing the recording capacity per surface is devel- 
oped as a large capacity recording medium. The multi- 
layer optical disc has a structure having a plurality of 20 
laminated or stacked recording layers spaced at a com- 
paratively small predetermined interval. Also, a multi- 
layer optical disc capable of recording has been devel- 
oped using a recording medium, for example, a phase- 
change medium. 25 
[0003] Description is made below on an example of a 
two-layer DVD (Digital Versatile Disc) having two re- 
cording layers using a phase-change medium, The two- 
layer DVD disc has a structure having phase-change re- 
cording films formed in an upper or first recording layer 30 
(i.e. layer closer to an optical-pickup objective lens) and 
a lower or second recording layer. During recording to 
such a two-layer disc, iaser light is focused to any of the 
recording layers to record or reproduce a signal to or 
from the recording layer. 35 
[0004] In the two-layer DVD disc or the like, consider- 
ation is given to the case where an irradiation light beam 
is focused on the second recording layer (hereinafter, 
referred simply to as second layer) to carry out recording 
and/or reproduction (hereinafter, referred to as record- *o 
ing/reproduction). More particularly, consideration is 
given to a case where a light beam is irradiated on the 
second layer while being passed through the first re- 
cording layer (hereinafter referred simply to as first lay- 
er) to carry out recording/reproduction of a data signal. 45 
During the recording/reproducing, the affections of the 
first layer is an amount of change of the reflection light 
reflected from the first layer to reach a light-receiving 
system and an amount of change of the transmission 
light through the first layer to the second layer. Concern- 50 
ing the change in amount of the reflection light from the 
first layer, the affection can be reduced by devising the 
structure of a detecting system or the like. However, the 
amount of change in the transmission light through the 
first layer appears as a fluctuation in recording light in- 55 
tensity during recording and as fluctuation in repro- 
duced-signal level during reproduction, which in some 
cases cannot be ignored. 
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[0005] When using a phase-change medium, for ex- 
ample, of germanium antimony tellurium (GeSbTe) in 
the recording layer, transmittance is different between 
a crystalline region and an amorphous region, i.e., the 
transmittance through the crystalline region is lower 
than the transmittance through the amorphous region. 
The phase-change medium has a crystalline region of 
almost 1 00% in an unrecorded region, while a crystalline 
region and an amorphous region exist in a mixed man- 
ner in a recorded region. Also, the recorded region in 
the first layer is out of focus and hence a record signal 
per se is not reproduced there. However, the transmit- 
tance of a light beam is an averaged transmittance of 
those through the crystalline region and the amorphous 
region. Consequently, during reproducing from the sec- 
ond layer, the amount of reception-light (i.e. RF signal 
level during reproduction) varies according to whether 
the first layer is recorded or unrecorded. 
[0006] In such a case, when a ratio of an area occu- 
pied by the crystalline region and an area occupied by 
the amorphous region is constant within the beam at the 
first layer, the transmittance thereof is also constant 
thereby avoiding the foregoing variation. 
[0007] However, the multi-layer optical recording disc 
is generally provided with preformatted regions where 
no data signals are recorded. Referring to Fig. 1 and 
Fig. 2, description is made for a DVD-RAM (Random 
Access Memory) as an example. In the optical disc 3, 
the recording region is divided by preformatted areas 5 
in a tracing direction of a light beam (i.e. in the tangential 
or circumferential direction) to form a plurality of data 
areas 6 in a concentric form. Also, one preformatted ar- 
ea 5 and the adjacent one data area 6 constitute a sector 
7. 

[0008] Fig. 2 shows a typical magnification view of a 
region of a preformatted area 5 and its vicinity (portion 
A), together with the transmittance in the areas thereof. 
Information data, such as an address, is recorded in the 
preformatted area 5 in the form of emboss pits 8. The 
data area 6 comprises lands (L) and grooves (G). 
Record marks 9 are formed in the region where data is 
recorded. 

[0009] As shown in Fig. 2, the average transmittance 
of a data area 6 where data is recorded (T D ) is greater 
than the transmittance of the preformatted area 5 (T P ). 
The transmittance of the first-layer reformatted area 5 
varies, hence varying the recording light intensity or re- 
produced signal intensity- in the second layer during re- 
cording or reproduction. Usually, no recording is made 
to the preformatted area. Accordingly, in order to avoid 
an adverse effect during recording or reproduction of the 
multi-layer optical recording medium having preformat- 
ted area, there is a need to completely match the posi- 
tions of the preformatted areas between the first layer 
and the second layer. In other words, there is no affec- 
tion upon recording or reproducing when a second-layer 
preformatted area is provided just beneath a first-layer 
preformatted area where the amount of transmission 
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light decreases. However, there has been practical dif- 
ficulty in matching the positions between the Preformat- 
ted areas in the manufacturing process. 
[0010] Accordingly, where there is deviation in Prefor- 
matted area position between the layers, there is a ne- 5 
cessity to avoid the adverse affection upon recording/ 
reproducing operation such as variation in reproduced 
RF signal caused by variation in transmittance, Sower 
SN (signal-to-noise ratio), etc. as in the foregoing. 
[0011] Furthermore, in the correction for avoiding 10 
such an adverse effect, there is a need to correctly de- 
tect a preformatted area position of the layer other than 
the layer to be actually recorded. 

[0012] For this reason, the preformatted areas be- 
tween the layers, if overlapped even in part, make it dif- 15 
ficuit to detect a correct position and make a correction 
signal complicated. Consequently, there is a necessity 
to distinctly deviate the preformatted areas between the 
layers, on the premise of making the correction. 

20 

OBJECT AND SUMMARY OF THE INVENTION 

[0013] It is an object of the present invention to pro- 
vide a high-performance multi-layer optical rotary re- 
cording medium suitable for performing stable record- 25 
ing/reproduction, and a recording/reproducing method 
and apparatus for the multi-layer optical rotary recording 

mosHii im 

[001 4] According to one aspect of the present inven- 
tion, there is provided a recordable multi-layer optical so 
recording medium laminated with a plurality of recording 
layers each having data recording areas divided in a 
tracing direction of a light beam by preformatted areas, 
wherein the preformatted areas are formed without any 
overlap with one another in a laminated direction be- .35 
tween the recording layers. 

[001 5] According to another aspect of the present in- 
vention, there is provided a recording method of a re- 
cordable multi-layer rotary recording medium having a 
plurality of recording layers each having data recording 40 
areas divided in a tracing direction of a light beam by 
preformatted areas, which comprises the steps of a 
reading step of detecting a reflection light from a record- 
ing layer to which a recording is to be made and con- 
verting the detected light into a read signal; a detecting 45 
step of detecting a position of a preformatted area of a 
recording layer which the optical beam transmits there- 
through otherthanthe recording layer to which a record- 
ing is to be made; and a correcting step of correcting 
intensity of an irradiation light beam upon recording so 
based on the read signal and the preformatted area po- 
sition. 

[001 6] According to another aspect of the present in- 
vention, there is provided a reproducing method of a re- 
cordable multi- layer rqtary recording medium having a 55 
plurality of recording layers each having data recording 
areas divided in a tracing direction of a light beam by 
preformatted areas, which comprises the steps of a 



reading step of detecting a reflection light from a record- 
ing layer from which a reproduction is to be made and 
converting-the detected light into a read signal; a detect- 
ing step of detecting a position of a preformatted area 
of a recording layer which the optical beam transmits 
therethrough other than the recording layer from which 
a reproduction is to be made; and a correcting step of 
correcting a reproduced signal upon reproduction on the 
basis of the read signal and the preformatted area po- 
sition. 

[001 7] According to another aspect of the present in- 
vention, there is provided a recording apparatus of a re- 
cordable multi-layer rotary recording medium having a 
plurality of recording layers each having data recording 
areas divided in a tracing direction of a light beam by 
preformatted areas, which comprises a reading portion 
for detecting a reflection light from a recording layer to 
which a recording is to be made and converting the de- 
tected light into a read signal; a detecting portion for de- 
tecting a position of a preformatted area of a recording 
layer which the optical beam transmits therethrough oth- 
er than the recording layer to which a recording is to be 
made; and a correcting portion for correcting intensity 
of an irradiation light beam upon recording based on the 
read signal and the preformatted area position. 
[0018] According to another aspect of the present in- 
vention, there is provided a reproducing apparatus of a 
recordable multi-layer rotary recording medium having 
a plurality of recording layers each having data record- 
ing areas divided in a tracing direction of a light beam 
by preformatted areas, which comprises a reading por- 
tion for detecting a reflection light from a recording layer 
from which a reproduction is to be made and converting 
the detected light into a read signal: a detecting portion 
for detecting a position of a preformatted area of a re- 
cording layer which the optical beam transmits there- 
through other than the recording layer from which a re- 
production is to be made; and a correcting portion for 
correcting a reproduced signal upon reproduction onthe 
basis of the read signal and the preformatted area po- 
sition. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 is a schematic view illustrating a structure of 
preformatted areas, data areas and sectors in an 
optical disc; 

Fig. 2 is a magnifying view illustrating a preformat- 
ted area and data area, together with transmittanc- 
es of the areas; 

Figs. 3A and 3B are plan views respectively show- 
ing positional deviations of preformatted areas due 
to eccentricity and rotation between a first recording 
layer and a second recording layer; 
Fig. 4 is a plan view of a two-layer optical rotary re- 
cording medium of a first embodiment of the present 
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invention; 

Fig. 5 is a sectional view in a tracing direction show- 
ing a relationship between the p reformatted areas 
5A and 5B and data areas 6A, 6B of the two-layer 
optical rotary recording medium of the first embod- s 
iment of the present invention; 
Fig. 6 is a block diagram showing a configuration of 
a recording/reproducing apparatus of a second em- 
bodiment of the present invention; 
Fig. 7 is a flowchart showing a procedure of recor- 10 
dati on/rep reduction correcting operation for the re- 
cording/reproducing apparatus of the second em- 
bodiment of the present invention; 
Fig. 8 shows a reproduced RF signal read from a 
layer (second layer) to which a recording is to be 15 
made, for one rotation of the optical disc; 
Fig. 9 shows a variation amount due to a first-layer 
Preformatted area (first-layer preformat-signal com- 
ponent); 

Fig. 1 0 shows one example of a recordation correct- 20 
ing signal; 

Fig. 11 shows a reproduction-gain correcting signal 
and a reproduction -offset correcting signal; 
Fig. 12 illustrates a variation in reflection light 
amount; 25 
Fig. 13 is a block diagram showing a configuration 
of a recording/reproducing apparatus of a third em- 
bodiment of the present invention; 
Fig. 1 4 is a block diagram showing a configuration 
of a recording/ reproducing apparatus of a fourth 30 
embodiment of the present invention; 
Fig. 15 illustrates an occurrence time (T1, i= 1 , 2, ...) 
of first-layer preformat-signals (SP1 ) with respect to 
a reference time; 

Fig. 16 is a figure showing a relationship between 35 
a magnitude of an eccentricity (Ax, Ay) and rotation- 
di recti on deviation (0) between the recording layers 
in the disc and an occurrence time of a variation due 
to a first- layer preformat-signal in a position of radi- 
us (r). 40 
Fig. 17 is a block diagram showing a configuration 
of a recording/reproducing apparatus of a sixth em- 
bodiment of the present invention; 
Fig. 18 is a flowchart showing a procedure of a re- 
cordation correcting operation in the sixth embodi- 45 
ment of the present invention; and 
Fig. 19 is a flowchart showing the procedure of a 
recordation correcting operation in the sixth embod- 
iment of the present invention, 

50 

D ETAILED DESCRIPTION OF THE PREFERRE D 
EfVIBODSBVaENTS 

[0020] Embodiments of the present invention will be 
described in detail with reference to the drawings. Note 55 
that, in the following description, the substantially equiv- 
alent structural elements are attached with the same ref- 
erence numerals. 
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First Embodiment 

[0021] Before describing a first embodiment of the 
present invention, described is the positional deviation 
between p re-format areas. Note that the description be- 
low is on the example of an optical disc having two re- 
cording layers using a phase-change medium, for sim- 
plicity of description. Also, the description of the exam- 
ple is on that a first recording layer (upper layer) 1 1 and 
a second recording layer (lower layer) 12 are formed in 
the optical disc in the order with respect to an irradiation 
direction of a laser beam for recording or reproducing 
information data signals. The second layer 12 is a re- 
cording layer distant from an objective lens for focusing 
a laser beam. 

[0022] Figs. 3A and 3B are plan views for illustrating 
a positional deviation between the preformatted areas 
5A and 5B respectively in the first recording layer 1 1 and 
the second recording layer 12 (hereinafter, referred to 
as first layer and second layer). The first layer 11 is 
shown with the solid lines and the second layer 12 with 
the broken lines. The cause of positional deviation oc- 
currence between the preformatted areas 5A and 5B is 
to be classified as those due to the deviation of the cent- 
ers of the first layer 11 and the second layers, i.e. ec- 
centricity (Fig. 3A) and those due to the deviation in ro- 
tational direction (Fig. 3B). 

\\*%J£.&\ n !y , «-f IE> a picii t v ifctfv muou ca.u» c* tnu iajf 1 up- 

tical rotary recording, medium 10 of a first embodiment 
of the present invention. Similarly to Fig. 3, representa- 
tion is only made by the lines shewing the division of the 
recording layers, for simplicity of description. Note that 
only deviation in rotational direction is shown in Fig. 4. 
The first layer 1 1 and the second layer 1 2 have recording 
areas divided in a concentric (annular) form. Fig. 4 
shows the case in which the recording areas in the outer 
periphery of the fist layer 1 1 and the second layer 1 2 are 
each divided into eight data areas 6A, 6B by preformat- 
ted areas 5A, SB. Similarly, the recording areas in the 
intermediate and inner peripheral regions are, respec- 
tively, divided into seven and six data areas 6A, 6B. The 
first layer 11 and the second layer 12 have a deviation 
of eccentricity and/or rotation which is intentionally pro- 
vided in the manufacturing process, whereby the pre- 
formatted areas 5A and 5B are formed in distinctively 
deviated positions. 

[0024] Fig. 5 is a sectional view in a beam tracing di- 
rection, showing a relationship between the preformat- 
ted areas 5A and 5B and the data areas 6 A, 6B of the 
two-layer optical rotary recording medium 10. The pre- 
formatted areas 5A and 5B are formed deviated 
throughout the plane of the recording medium 10 in such 
a manner that the preformatted areas 5A and 5B does 
not have overlap portions in a direction of recording-lay- 
er lamination. By thus forming the preformatted areas 
in each recording layer of the recording medium 10, it is 
possible to easily separate and extract a preformat-sig- 
nal from a read signal. 
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[0025] Note that the above-described recording-area 
divisional form and division number is a mere exempli- 
fication, i.e., it is satisfactory to make division so as to 
avoid overlaps of preformatted areas. Also, although 
Fig. 4 exemplified for a deviation in a rotation direction, 5 
the present invention can applied to a case wherein de- 
viation due to eccentricity exists, in brief, the preformat- 
ted areas should be formed without overlap in the direc- 
tion of lamination between the recording layers. 

10 

Second Embodiment 

[0026] Fig. 6 is a block diagram showing a configura- 
tion of a recording/reproducing apparatus (hereinafter, 
referred simply to as recording/reproducing apparatus) 15 
of a second embodiment of the present invention. An 
optical pickup 21 includes an optical system including a 
focus lens, a beam splitter and an objective lens, a light- 
source laser diode and a photodetector (not shown). 
The optical pickup 21 emits a light beam, as recording 20 
or reproducing light, on an optical disc 10 which is a re- 
cording medium. The optical pickup 21 detects a reflec- 
tion light from a recording layer of the optical disc, there- 
by reading out a signal corresponding to a track and in- 
formation pit or recording mark formed on the optical 25 
disc 10. Tracking servo and focus servo control on the 
objective lens is performed in order to correctly focus 
the light beam on an information recording surface of 
the optical disc 10 (not shown). 

[0027] The read signal (RF signal) supplied from the 30 
optical pickup 21 is amplified in an amplifier circuit 22 
and supplied to a prep it reading circuit 23. The prep it 
reading circuit 23 extracts prep it and wobble signals. A 
synchronizing clock and timing signal generating circuit 
24 generates a clock signal (CK) and a timing signal syn- bs 
chronized with rotation of the optical disc 10. The gen- 
erated signals are supplied to a control section (CPU) 
26 for controlling the apparatus overall. The generated 
signals are used for various control purposes. The CPU 
26 detects from the signals a Preformatting position of 40 
a recording layer to which a recording is to be made. 
The CPU 26 may be provided with or connected to a 
storage device (not shown) for storing data as neces- 
sary. 

[0028] The read signal amplified in the amplifier circuit 45 
22 is also supplied to a low-pass filter (LPF) 28 and only 
a low-frequency component of the signal is supplied to 
an analog-digital (A/D) converter 29. The signal convert- 
ed into a digital signal in the A/D converter 29 is supplied 
to a memory 31 in accordance with a timing signal from so 
the timing signal generating circuit 24 and stored there- 
in. 

[0029] The signal stored in the memory 31 is supplied 
to a record atio n -co rre et i n g signal generating circuit 33. 
The signal is binarized in a binarizing circuit 34 provided ss 
in the reco rdati o n -co rrect i n g signal generating circuit 
33, and then multiplied by a coefficient (a) in a multiplier 
35A and added with an offset in an adder 35B, there- 



by a recordation correcting signal is generated. The re- 
cordation correcting signal is sent from the recordation- 
correcting signal generating circuit 33 to a laser power 
control circuit 36. In the laser power control circuit 36, a 
laser beam power upon recording is controlled on the 
basis of the recordation -correcting signal. 
[0030] The signal stored in the memory 31 is aisosup- 
plied to a reproduction-correction signal generating cir- 
cuit 37. This signal is binarized in a binarizing circuit 38 
provided in the reproduction-correction signal generat- 
ing circuit 37. and then multiplied by a coefficient (y) and 
added with an offset (5) in a multiplier 39A and an adder 
39B, thereby a reproduction-gain correction signal is 
generated which represents an amount of gain-correc- 
tion (hereinafter, simply referred to as gain-correction 
amount) upon reproduction The binary signal from the 
binarizing circuit 38 is multiplied by a coefficient (Q in a 
multiplier 39C, thereby a reproduction -offset correction 
signal is generated which represents an offset correc- 
tion amount during reproduction, in the multipliers 41 A 
and adder 41 B, the read signal from the amplifier circuit 
22 is corrected using the reproduction-gain correction 
signal and the reproduction-offset correction signal and 
then supplied to a signal reproducing system 43. 
[0031] Note that the recordation-correcting signal 
generating circuit 33 and the reproduction-correction 
signal generating circuit 37 are connected to a control 
bus of the CPU 26, and controlled by the CPU 26. The 
control signal CS supplied through the control bus con- 
tains the foregoing coefficients and offset values (a, |3) 
and (y, 5, Q. 

[0032] In the above, although the recordation-correct- 
ing signal generating circuit 33 and the reproduction- 
correction signal generating circuit 37 are shown by sep- 
arate circuit blocks, a digital signal processor (DSP) or 
the like may be used. Also, the binarizing circuits 34, 38, 
although not necessarily required, are effective in reduc- 
ing the scale of the processing circuit. 
[0033] The signal reproducing system 43 is a general 
signal reproducing circuit formed by an LPF 44, a high- 
pass filter (HPF) and ATC circuit 45 , a PLL circuit 46 and 
a signal reading circuit 47, to output a corrected read 
signal as a reproduced signal. The signal reproducing 
system 43 is controlled by the CPU 26 through a control 
bus. Incidentally, where there is difficulty in completely 
removing the variation in the other layer by theforegoing 
correction processing system during reproduction, it is 
preferred in some cases to change the frequency band 
of a feedback system, such as ATC, AGC and PLL. or 
hold the processing by the control of the CPU 26, for 
example. After hold cancellation, more stable reproduc- 
tion control can be made by adaptively changing the 
band of the HPF or the PLL. Such adaptive processing 
can be made by implementing such control using the 
signal from the reproduction-correction signal generat- 
ing circuit 37. 

[0034] The reco rdati on/reproduction correcting oper- 
ation by the recording/reproducing apparatus will bede- 
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scribed below with reference to a flowchart shown in Fig. 
7. Note that the recordation/reproduction correcting op- 
eration is carried out underthe control of the control sec- 
tion 26. 

[0035] It is determined whether or not the disc set on 
the recording/reproducing apparatus is already record- 
ed (step S11 ). When it is determined that the disc is not 
already recorded, the reflection-light amount change in 
an unrecorded state is measured as a reproduced RF 
signal (step S12). Fig. 8 shows a reproduced RF signal 
read from a layer (second layer 1 2) to which a recording 
is to be made, in respect of one rotation of the optical 
disc. The preformat-signals (SP2) of the second layer 
12 appear with a period of the preformatted areas in the 
reproduced signal. On the other hand, the preformat- 
signals (SP1 ) of the first layer 1 1 appear in accordance 
with the eccentricity amount and the deviation in rota- 
tional direction, A signal representing a reflection light 
amount is obtained by the LPF 28 from the reproduced 
RF signal. From the measurement data of a reflection- 
light amount, an amount of variation due to the first-layer 
preformatted area (preformat-signal component of the 
first-layer) is extracted as shown in Fig. 9 (step S13). 
The extracted data is stored in the memory 31 (step 
S14). 

[0036] The extracted data stored in the memory 31 is 
multiplied by a coefficient (a) and added with an offset 
(B) so as to cancel the variation amount due to the first- 
layer preformatted area, thereby generating a recorda- 
tion-correcting signal shown in Fig. 10 (step S15). The 
recordation-correcting signal is sent to the laser-power 
control circuit 36, whereby recording is performed while 
correcting the recording laser power in accordance with 
the reco rd at i o n -co rrect i n g signal (step S16). 
[0037] When it is determined that the disc is already 
recorded in step S11 , the amount of reflection light from 
a recording track is measured (step S1 7). Note that, in 
step S17, measurement may be made on an amount of 
reflection light from an unrecorded track. Then, similarly 
to the foregoing, an amount of variation due to the first- 
layer preformatted area is extracted from the ref lection - 
light-amount measurement data (step S18) and stored 
in the memory 31 (step S1 9). Thereafter, it is determined 
whether the next operation is recording operation or re- 
producing operation (step S20). In the case of recording 
operation, a recordation-correcting signal is generated 
(step S21 ) whereby recordation is carried out while cor- 
recting laser power on the basis of the recordation-cor- 
recting signal (step S22). In the case of reproducing op- 
eration in step S20, the extracted data stored in the 
memory 31 is processed so as to cancel the variation 
amount given by the first-layer preformatted area. As 
shown in Fig. 11, the extracted data is multiplied by a 
coefficient (y) and added with an offset (8) thereby gen- 
erating a reproduction-gain correcting signal. Also, the 
extracted data is multiplied by a coefficient (Q thereby 
generating a reproduction-offset correcting signal (step 
S23). The read signal is corrected and reproduced by 



the reproduction-gain correcting signal and the repro- 
duction-offset correcting signal (step S24). With the 
above procedure, correcting operation is executed dur- 
ing recordation/reproduction. 

5 [0038] It should be noted that the read signal can be 
corrected continuously while performing data recording 
or reproducing operaLion by repeating the recordation/ 
reproduction correcting procedure of the flowchart 
shown in Fig. 7 as a loop. 

10 [0039] The foregoing second embodiment can be ap- 
plied to various cases. A modification is described be- 
low. 

[0040] The reflection light amount varies on each 
measurement because the amount of reflection light 

15 from the optical disc varies according to various factors 
as shown in Fig. 12. Among such variations, the com- 
ponent of variation in time can be eliminated by averag- 
ing the measurement data that are synchronized with 
disc rotation. For example, this can be realized by mak- 

20 ing the memory 31 in a loop structure to multiply and 
add measurement data into the memory 31 . Or other- 
wise, such operation processing can be realized by the 
control of the CPU 26. 

[0041 ] In another modification, the amount of varia- 

25 tion due to the first-layer preformatted area (first-layer 
preformat-signal component) can be extracted on the 
basis of a position of a preformatted area of the first lay- 
er, i.e. the recording layer through which an irradiation 
beam transmits. Usually, the preformatted area size 

30 (physical size) is previously determined. Accordingly, if 
a linear velocity upon reading is determined, when and 
what extent variation occurs can be determined by a cal- 
culation from a size (position) thereof, a distance be- 
tween the recording layers and a reading optical-system 

35 setting. Consequently, by eliminating a variation smaller 
or greater than a predetermined value thus calculated 
as a variation caused by another factor, it is possible to 
extract only a variation due to afirst-layer preformat-sig- 
nal. Th is calculation processing can be realized by dis 

40 crete circuit blocks, a DSP (not shown), hardware such 
as the CPU 26 or software installed in the CPU 26. 
[0042] Furthermore, in another modification, the proc- 
ess of eliminating a variation smaller than a predeter- 
mined value can be carried out. by removing a low-fre- 

45 quency component from a measured signal by an LPF 
for example, for extracting only a variation due to the 
foregoing first-layer preformat-signal,. Also, there is a 
merit that the amount of data stored can be reduced by 
using a measurement data signal and correction signal 

so of a required frequency-band. Furthermore, the prede- 
termined frequency-band measurement data signals 
thus obtained may be sampled and stored in the mem- 
ory 31, This processing can be realized by providing a 
sampling circuit, a DSP, hardware such as the CPU 26 

55 or software. 
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Third Embodiment 

[0043] Fig. 13 is a block diagram showing a configu- 
ration of a recording/reproducing apparatus of a third 
embodiment of the present invention. The recording/re- 5 
producing apparatus of the embodiment is particularly 
suited for a multi-layer recording medium having a land/ 
groove structure comprising lands and grooves. 
[0044] In this embodiment, a memory 31 has two 
channels of storage areas for lands and grooves. Also, 10 
selectors 52, 53, for selecting respective ones of data 
on a land and a groove, are each configured in an input/ 
output port of the memory 31 . The selectors 52, 53 op- 
erate dependent upon a control signal from a CPU 26 
or a timing signal from a timing generating circuit 24. is 
Furthermore, configured are coefficient units 51 A, 51 B 
to perform multiplying and adding operations on the data 
from an A/D converter 29. Consequently, the memory 
31, the selectors 52, 53 and the coefficient units 51 A, 
51 B configure a loop whereby the measurement data 20 
synchronous with disc rotation is processed with adding 
and averaging respectively for a land and a groove. 
[0045] The signal which represents a variation 
amount due to the first-layer preformatted area (first-lay- 
er preformat-signal component) thus processed and ex- 25 
tracted is sent to a reco rd at i o n -co rrect i n g signal gener- 
ating circuit 33 and a reproduction-correction signal 
generating circuit 37. In the reco rd at i o n -co rrecti n g sig- 
nal generating circuit 33 and the reproduction-correction 
signal generating circuit 37, a reco rd at io n -co rrecti n g 30 
signal and a reproduction -correcting signal are gener- 
ated on the basis of the extracted data, e.g. by a similar 
method to that of the first embodiment. 
[0046] Consequently, according to the embodiment, 
it is possible to eliminate the variation due to the prefor- 35 
matted area of the upper-layer with high accuracy since 
recordation correction or reproduction correction can be 
independently carried out on each of the land and the 
groove. 

[0047] A modification to the embodiment is described 40 
below. As in the foregoing, there is a case that the var- 
iation due to the preformatted area of the other layer 
differs between the land and the groove. However, the 
provision of two correction-processing systems leads to 
circuit complication and size-increase or manufacture- 45 
cost increase. Accordingly, in this case, the processing 
systems may be integrated to average the respective 
variations on the land and the groove. Specifically, in 
Fig. 13, the selector 53 may be replaced with an aver- 
aging circuit to average the extracted data for the land 50 
and the groove. The recordation-correcting signal gen- 
erating circuit 33 and the reproduction-correction signal 
generating circuit 37 may be configured to generate a 
correcting signal on the basis of the averaged extracted 
data. 55 



Fourth Embodiment 

[0048] Fig. 14 is a block diagram showing a configu- 
ration of a recording/reproducing apparatus of a fourth 
embodiment of the present invention. In the recording/ 
reproducing apparatus of the embodiment is provided 
with a first-layer preformat-signal detecting circuit 55. 
The preformat-signal detecting circuit 55 detects an oc- 
currence time (Ti - 1, 2, ...) of a first-layer preformat- 
signal (SP1) with respect to a reference time from the 
data representing a reflection light amount through the 
A/D converter 29 and supplies the occurrence time to a 
CPU 26 as shown in Fig. 15. A timing signal from the 
timing generating circuit 24 can be used as the refer- 
ence time. For example, the reference time can be due 
to a starting time or ending time of a preformat-signal 
(SP2) in the second layer being currently read. 
[0049] The CPU 26 refers to the recording-layer char- 
acteristic data (transmittances of an amorphous and 
crystalline portions) stored in the storage device 57, a 
position of the first-layer preformatted area or a distance 
between the layers to calculate a variation amount due 
to a first-layer preformat-signal (i.e., preformat-signal 
component of the first- layer) on the basis of an occur- 
rence time of the first-layer preformat-signal supplied 
from a preformat-signal detecting circuit 55. The calcu- 
lation result is stored in a memory 56 The signal repre- 
senting the calculated variation due to a first-layer pre- 
formatted area is sent to the recordation-correcting sig - 
nal generating circuit 33 andthe reproduction-correction 
signal generating circuit 37 In the recordation-correct- 
ing signal generating circuit 33 and the reproduction- 
correction signal generating circuit 37, a recordation- 
correcting signal and a reproduction-correcting signal is 
generated on the basis of the calculated data, for exam- 
ple, by a method similar to that of the foregoing embod- 
iment. 

[0050] Consequently, according to the embodiment, 
the required storage capacity can be greatly reduced 
since there is no need to store the data, as it is, which 
represents a variation due to a first-layer preformat-sig- 
nal. Note that, in addition to the occurrence time (Ti) of 
a first- layer preformat-signal, the magnitude thereof 
(SP1) may be stored. 

Fifth Embodiment 

[0051] The configuration of a recording/reproducing 
apparatus of a fifth embodiment of the present invention 
is similar to that of the fourth embodiment. In this em- 
bodiment, the occurrence time of a first-layer preformat- 
signal is calculated from an eccentricity amount and ro- 
tational-direction deviation between the recording lay- 
ers, to carry out correction. The detail of the embodiment 
will be described below. 

[0052] As shown in Fig. 16, when the recording layers 
are equal in the number of preformatted areas within the 
same zone and the eccentricity (Ax, Ay) and the devia- 
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tion (G) in a rotational direction between the recording 
layers of the disc is known, it is possible to calculate an 
occurrence time of a variation at a position of a radius 
(r) due to a first-layer p reform at-signal. 
[0053] in a similar manner to the fourth embodiment, 5 
the preformat-signal detecting circuit 55 detects an oc- 
currence time (Ti, i = 1,2, ...) of a first-layer preform at- 
signal (SP1) with respect to a reference time, and sup- 
plies the occurrence time to the CPU 26. A preformat- 
signal (SP2) in a layer (second layer) being currently 10 
read can be used as a reference time, for example, 
[0054] The CPU 26 calculates the eccentricity (Ax, Ay) 
and the deviation (G) in a rotational direction between 
the first layer 1 1 and the second layer 1 2 by using a first- 
layer preform at-signai occurrence time Ti, and stores *5 
the calculated data in the storage device 57. This 
processing is not required to perform on a track-by-track 
basis provided that the number of p reformatted areas is 
constant within a zone. The CPU 26 calculates an oc- 
cu rrence time Ti of a first-layer p reformat-signal from the 20 
radius on a track-by-track basis by the use of the stored 
data (Ax, Ay, G). Then, similarly to the fourth embodi- 
ment, reference is made to the transmittances and the 
data of a position of a first- layer preformatted area, the 
distance between the layers and the like to calculate a 25 
variation due to a first-layer preformat-signal. The cal- 
culation result is stored in the memory 56. On the basis 
of a signal representing the calculated variation amount 
due to a first- layer preformatted area, a recordation-cor- 
recting signal and a reproduction-correcting signal is 30 
generated in the recordati on-correcting signal generat- 
ing circuit 33 and the reproduction-correction signal 
generating circuit 37. 

[0055] Consequently, according to the embodiment, 
there is no need to store the data, as it is, representing 35 
a variation due to a first-layer preformat-signal. Also, be- 
cause the frequency of performing measurements prior 
to recording or reproducing is reduced, it is possible to 
greatly reduce the required storage capacity and carry 
out a rapid operation. 40 

Sixth Embodiment 

[0056] Fig. 17 is a block diagram showing a configu- 
ration of a recording/reproducing apparatus of a sixth 45 
embodiment of the present invention. The record i n g/re- 
producing apparatus of this embodiment has a configu- 
ration to evaluate a read signal from the amplifier circuit 
22 and change a correcting-signal generation process 
in accordance with the evaluation result. 50 
[0057] More particularly, an evaluation circuit 63 eval- 
uates a reproduced RF signal from the amplifier circuit 
22 by using a variation parameter. The variation param- 
eter is, for example, a reflection light amount, a jitter val- 
ue of the reproduced RF signal, a maximum value of an 55 
envelope (Stop), an amplitude and so on. The evaluation 
circuit 63 has an evaluation function or evaluation table 
for evaluation. The evaluation result is supplied to the 



recordation-correcting signal generating circuit 33 and 
the rep ro d ucti o n -co rrect io n signal generating circuit 37. 
The reco rdati o n -co r recti n g signal generating circuit 33 
and reproduction-correction signal generating circuit 37 
is configured such that the parameter in a generation 
processing function or processing function for co rrect- 
ing-signal generation can be changed on the basis of a 
signal representing the evaluation result. For example, 
the recordation-correcting signal generating circuit 33 
and the reproduction-correction signal generating circuit 
37 have a plurality of processing functions or parameter 
tables. Or otherwise, they may be configured to change 
the generation process by the control of CPU 26. 
[0058] Furthermore, an update switch 65 is provided 
to update the measu rement data representative of a var- 
iation amount due to a first-layer preformat-signal to be 
sent to the memory 31 . The update switch 65 is control- 
led by the CPU 26 to operate switching the data transfer 
to the memory 31 when changing the disc, changing the 
zone in a zone constant angular velocity (ZCAV) disc or 
changing the foregoing processing function. 
[0059] The correcting operation of the recording/re- 
producing apparatus during recording is described be- 
low, with reference to the flowchart shown in Fig. 18. 
Note that the recordation/reproduction correcting oper- 
ation is implemented under control of the control section 
(CPU) 26. Also, in the below, description is made, as an 
example for changing a recordation processing function 
and reproduction processing function, on the case to 
change the coefficients and offsets (a, P), (y, 5, Q in the 
recordation-correcting signal generating circuit 33 and 
reproduction-correction signal generating circuit 37, as 
in the case shown in the second embodiment (see Fig. 
11). 

[0060] It is determined whether the disc set on the re- 
cording/reproducing apparatus is already recorded or 
not (step S31). When it is determined that the disc is 
already recorded, the process moves to step S38. When 
it is determined that the disc is not recorded in step S31 , 
measured is a change of a reflection light amount in an 
unrecorded state (step S32). From the measurement 
data of the reflection light amount, extracted is a varia- 
tion amount due to the first-layer preformatted area (i. 
e , preformat-signal component of the first- layer) (step 
S33). The extracted data is stored in the memory 31 
(step S34). The update switch 65 is opened to store the 
measurement data representing a variation amount due 
to a first- layer preformat-signal in the memory 31 . 
[0061 ] Then, a processing function in the recordation- 
correcting signal generating circuit 33 is temporarily de- 
fined. The temporary processing function uses a prede- 
termined processing function given as initial setting. 
Otherwise, this may be defined on the basis of an ex- 
tracted fist-layer preformat-signal component, in the 
embodiment, the coefficient and offset (a, (3) in the re- 
cordation-correcting signal generating circuit 33 is tem- 
porarily defined (step S35). 

[0062] A recordation-correcting signal is generated by 
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using the temporary value (step S36), and predeter- 
mined test data is recorded on the basis of the recorda- 
tioncorrectingsignal (step S37). Then, the recorded test 
data is reproduced (step S38). In the evaluation circuit 
63 ; a reflection light amount or a reproduced RF signal 
jitter value, ltop : amplitude, etc. is measured from the 
reproduced signal (step S39). The evaluation circuit 63 
carries out evaluation with using an evaluation function 
or evaluation table, to determine whether an evaluation 
value is within an allowable range or not (step S40). 
When it is determined that the evaluation value is within 
the allowable range, a signal representing the determi- 
nation result is sent to the CPU 26 thereby executing 
the recording of information data to be recorded (step 
S41) and exiting the present routine. Where not within 
an allowable range in step S40, a signal representing 
the determination result is sent to the CPU 26 thereby 
executing re-calculation of a coefficient and offset (a, (3) 
(step S42). The result of re-calcuiation is sent to the re- 
cordation-correcting signal generating circuit 33, thus 
repeating step S36 and the following. 
[0063] Then, the correcting operation of the record- 
ing/reproducing apparatus during reproduction is de- 
scribed below with reference to the flowchart shown in 
Fig. 19. Note that the reproduction correcting operation 
is implemented under control of the control section 
(CPU) 26. Also, it is carried out continuously with the 
recordation correcting operation, simultaneously by a 
double-loop configuration or independently of the recor- 
dation correcting operation. 

[0064] A change in a reflection light amount of a disc 
recording area is measured (step S51). A variation 
amount due to a first-layer preformatted area (i.e., p re- 
format-signal component of the first-layer) is extracted 
from the measurement data of a reflection light amount 
(step S52). The extracted data is stored in the memory 
31 (step S53). 

[0065] Then, a processing function in the reproduc- 
tion-correction signal generating circuit 37 is temporarily 
defined. The temporary processing function uses a pre- 
determined processing function given as an initial set- 
ting Otherwise, it may be defined on the basis of an ex- 
tracted first-layer preformat-signal component. In this 
embodiment, a coefficient and offset (y, 3, Q for the re- 
production-correction signal generating circuit 37 is 
temporarily defined (step S54). 

[0066] A reproduction-correcting signal is generated 
using the temporary value (step S55), and predeter- 
mined test data is reproduced on the basis of the repro- 
duction-correcting signal (step S56). In the evaluation 
circuit 63, a reflection light amount or a reproduced RF 
signal jitter value, (top, amplitude, etc. is measured from 
the reproduced signal (step S57). The evaluation circuit 
63 evaluates with using an evaluation function or eval- 
uation table, to determine whether an evaluation value 
is within an allowable range or not (step S58). Where 
determined within an allowable range, a signal repre- 
senting the determination is sent to the CPU 26 thereby 



carrying out reproduction of information data to be re- 
produced (step S59) and exiting the present routine. 
Where not within an allowable range in step S58, a sig- 
nal representing the determination is sent to the CPU 
5 26 thereby carrying out the re-calculation of a coefficient 
and offset (y, 6, Q (step S60). The result of re-calculation 
is sent to the reproduction-correction signal generating 
circuit 37, repeating the steps of the step S55 and the 
following. 

10 [0067] Consequently, according to the embodiment, 
high-performance recordation and reproduction can be 
performed since a reproduction correcting signal is de- 
tected to carry out recording correction and reproducing 
correction so as to obtain a favorable reproduced signal. 
15 [0068] A modification to the embodiment is described 
below. Although the foregoing embodiment described 
on the case that the measurement of a first-layer pre- 
format-signal component and change of a processing 
function is made each time a disc isiset, a measurement 

20 and/or processing function change may be made as re- 
quired. For example, the measurement of a firs-layer 
preformat-signal component and a change of a process- 
ing function may be made each time a zone is changed 
during recordation to or reproduction from a ZCAV disc. 

25 [0069] Also, the foregoing embodiment described on 
the case that, where an evaluation value is out of an 
allowable range, a processing-function coefficient and 
offset is calculated to chang the processing function. 
However, where the evaluation value becomes outside 

30 the allowable range, the processing function may be 
changed after measuring a first-layer preformat-signal 
component. 

[0070] As described in detail above, according to the 
present invention, it is possible to provide a high-per- 
35 formance multi-layer optical rotary recording medium for 
stable recordation and/or reproduction and a recording/ 
reproducing method with the multi-layer optical rotary 
recording medium. 

[0071] Incidentally, the foregoing embodiments, al- 
40 though described on the example of a two-layer optical 
disc, are applicable also to an optical disc having a plu- 
rality of recording layers. 

[0072] Also, the foregoing embodiments are mere ex- 
emplification, which can be applied with proper modifi- 

45 cation or combination in various ways. 

[0073] As apparent from the foregoing, the present in- 
vention can provide a high-performance multi-layer op- 
tical rotary recording medium forstabie recordation and/ 
or reproduction and a method for recording/reproducing 

50 the multi-layer optical rotary recording medium. 

[0074] The invention has been described with refer- 
ence to the preferred embodiments thereof. It should be 
understood by those skilled in the art that a variety of 
alterations and modifications may be made from the em- 

55 bodiments described above. It is therefore contemplat- 
ed that the appended claims encompass all such alter- 
ations and modifications. 
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Claims 

1. A recordable multi-iayer optical recording medium 
laminated with a plurality of recording layers each 
having data recording areas divided in a tracing di- 
rection of a light beam by preformatted areas, 
wherein; 

said preformatted areas are formed without 
any overlap with one another in a laminated direc- 
tion between the recording layers. 

2. A recording method of a recordable multi-iayer ro- 
tary recording medium having a plurality of record- 
ing layers each having data recording areas divided 
in a tracing direction of a light beam by preformatted 
areas, comprising the steps of: 

a reading step of detecting a reflection light 
from a recording layer to which a recording is 
to be made and converting the detected light 
into a read signal; 

a detecting step of detecting a position of a pre- 
formatted area of a recording layer which said 
optical beam transmits therethrough other than 
the recording layer to which a recording is to be 
made; and 

a correcting step of correcting intensity of an 
irradiation light beam upon recording based on 
said read signal and the preformatted area po- 
sition. 

3. A recording method according to claim 2. wherein 
said correcting step corrects intensity of an irradia- 
tion light beam upon recording based on a compo- 
nent of the read signal synchronized with rotation 
of said multi-layer rotary recording medium. 

4. A recording method according to claim 2, wherein 
said correcting step performs correction based on 
size of said preformatted area of a recording layer 
which said optical beam transmits therethrough oth- 
er than the recording layer to which a recording is 
to be made and a distance between the recording 
layer which said optical beam transmits there- 
through and the recording layer to which a recording 
is to be made. 

5. A recording method according to claim 2, wherein 
said correcting step corrects intensity of an irradia- 
tion light beam upon recording based on a low-fre- 
quency band component of said read signal. 

6. A recording method according to claim 2, wherein 
said multi-layer rotary recording medium comprises 
a land-and-groove structure formed by lands and 
grooves, said reading step and said correcting step 
being executed for each of said lands and said 
grooves. 



18 

7. A recording method according to claim 6, further 
comprising an averaging step of averaging read sig- 
nals for said lands and said grooves, said correcting 
step being executed to correct intensity of an irra- 

5 diation light beam upon recording based on an av- 

eraged read signal. 

8. A recording method according to claim 2. wherein 
said reading step measures time of the read signal 

10 with respect to ; as a referencetime, a detection time 

of a reflection light from said preformatted area of 
the recording layer to which a recording is to be 
made, said correcting step correcting intensity of an 
irradiation light beam upon recording based on said 

15 reference time. 

9. A recording method according to claim 2 wherein 
said reading step measures time of the read signal 
with respect to, as a referencetime, a detection time 
of a reflection light from said preformatted area to 
which a recording is to be made, said correcting 
step correcting intensity of an irradiation light beam 
upon recording based on the reference time, a re- 
flection light intensity in said preformatted area of 
the recording layer which said optical beam trans- 
mits therethrough other than the recording layer to 
which a recording is to be made and a distance be- 
tween the recording layer which said optical beam 
transmits therethrough and the recording layer to 
which a recording is to be made. 

10. A recording method according to claim 2, further 
comprising a step of calculating from said read sig- 
nal an eccentricity amount and a rotation angle de- 
viation of at least one other recording layer with re- 
spect to the recording layer to which a recording is 
to be made, a step of storing the eccentricity amount 
and the rotation angle deviation for each recording 
layer and a step of calculating a correction time and 
a correction value for each of the at least one other 
recording layer from the eccentricity amount and 
the rotation angle deviation, wherein said correcting 
step corrects intensity of an irradiation light beam 
upon recording based on said correction time and 
said correction value. 

11. A recording method according to claim 2. wherein 
said correcting step includes an adjusting step of 
adjusting a correction value on the basis of a vari- 
ation in a variation parameter of said read signal 
due to execution of the correction. 

12. A recording method according to claim 1 1 , wherein 
said variation parameter is a jitter amount of said 
read signal. 

13. A recording method according to claim 11 , wherein 
said variation parameter is an amplitude of said 
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read signal. 

14. A recording method according to claim 11, wherein 
said variation parameter is a magnitude of an enve- 
lope of said read signal. 5 

15. A recording method according to claim 11 , wherein 
said adjusting step adjusts said correction value 
when a variation in said variation parameter ex- 
ceeds a predetermined value. w 

16. A recording method according to claim 2, further 
comprising a determining step of determining a 
change of the multi-layer rotary recording medium 

to which a recording is to be made, to execute said 15 
reading step and said correcting step in order in ac- 
cordance with a determination result in said deter- 
mining step. 

17. A recording method according to claim 2 S wherein 20 
said multi-layer rotary recording medium is a zone 
constant angular velocity (ZCAV) disc, said deter- 
mining step includes an identifying step of identify- 
ing a change of a zone to which a recording is to be 
made, to execute said reading step and said cor- 25 
recti ng step in order in accordance with an identifi- 
cation result in said identifying step. 

18. A reproducing method of a recordable multi-layer 
rotary recording medium having a plurality of re- 30 
cording layers each having data recording areas di- 
vided in a tracing direction of a light beam by p re- 
formatted areas, comprising the steps of: 

a reading step of detecting a reflection light 35 
from a recording layer from which a reproduc- 
tion is to be made and converting the detected 
light into a read signal: 

a detecting step of detecting a position of a p re- 
formatted area of a recording layer which said 40 
optical beam transmits therethrough other than 
the recording layer from which a reproduction 
is to be made; and 

a correcting step of correcting a reproduced 
signal upon reproduction on the basis of said 45 
read signal and the Preformatted area position. 

19. A reproducing method according to claim 18, 
wherein said correcting step corrects a reproduced 
signal upon reproduction on the basis of a ccmpo- 50 
nent of the read signal synchronized with rotation 

of said multi-layer rotary recording medium. 

20. A reproducing method according to claim 18, 
wherein said correcting step performs correction 55 
based on size of said preformatted area of a record- 
ing layer which said optical beam transmits there- 
through other than the recording layer from which a 



reproduction is to be made and a distance between 
the recording layer which said optical beam trans- 
mits therethrough and the recording layer from 
which a reproduction is to be made 

21. A reproducing method according to claim 18, 
wherein said correcting step corrects a reproduced 
signal upon reproduction on the basis of a low-fre- 
quency band component of said read signal. 

22. A reproducing method according to claim 18, 
wherein said multi-layer rotary recording medium 
comprises a land-and-groove structure formed by 
lands and grooves, said reading step and said cor- 
recting step being executed for each of said lands 
and said grooves. 

23. A reproducing method according to claim 22, further 
comprising an averaging step of averaging read sig- 
nals for said lands and said grooves, said correcting 
step being executed to correct a reproduced signal 
upon reproduction on the basis of an averaged read 
signal. 

24. A reproducing method according to claim 18, 
wherein said reading step measures time of the 
read signal with respect to as a reference time, a 
detection time of a reflection light from said prefor- 
matted area of the recording layer from which a re- 
production is to be made, said correcting step cor- 
recting a reproduced signal upon reproduction on 
the basis of said reference time. 

25. A reproducing method according to claim 18, 
wherein said reading step measures time of the 
read signal with respect to as a reference time, a 
detection time of a reflection light from said prefor- 
matted area from which a reproduction is to be 
made, said correcting step correcting a reproduced 
signal upon reproduction on the basis of the refer- 
ence time, a reflection light intensity in said prefor- 
matted area ofthe recording layer which said optical 
beam transmits therethrough other than the record- 
ing layer from which a reproduction is to be made 
and a distance between the recording layer which 
said optical beam transmits therethrough and the 
recording layer from which a reproduction is to be 
made. 

26. A reproducing method according to claim 18, further 
comprising a step of calculating from said read sig- 
nal an eccentricity amount and a rotation angle de- 
viation of at ieast one other recording layer with re- 
spect to the recording layer from which a reproduc- 
tion is to be made, a step of storing the eccentricity 
amount and the rotation angle deviation for each re- 
cording layer and a step of calculating a correction 
time and a correction value for each of the at least 
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one other recording layer from the eccentricity 
amount and the rotation angle deviation, wherein 
said correcting step corrects a reproduced signal 
upon reproduction on the basis of said correction 
time and said correction value. 5 

27. A reproducing method according to claim 18, 
wherein said correcting step includes an adjusting 
step of adjusting a correction value on the basis of 

a variation in a variation parameter of .said read sig- 10 
nal due to execution of the correction. 

28. A reproducing method according to claim 27, 
wherein said variation parameter is a jitter amount 

of said read signal. 15 

29. A reproducing method according to claim 27, 
wherein said variation parameter is an amplitude of 
said read signal. 

20 

30. A reproducing method according to claim 27, 
wherein said variation parameter is a magnitude of 
an envelope of said read signal. 

31. A reproducing method according to claim 27, 25 
wherein said adjusting step adjusts said correction 
value when a variation in said variation parameter 
exceeds a predetermined value. 

32. A reproducing method according to claim 1 8, further 30 
comprising a determining step of determining a 
change of the multi-layer rotary recording medium 
from which a reproduction is to be made, to execute 
said reading step and said correcting step in order 

in accordance with a determination result in said de- 35 
termining step. 

33. A reproducing method according to claim 18 5 
wherein said multi-layer rotary recording medium is 

a zone constant angular velocity (ZCAV) disc, said 40 
determining step includes an identifying step of 
identifying a change of a zone from which a repro- 
duction is to be made, to execute said reading step 
and said correcting step in order in accordance with 
an identification result in said identifying step. 45 

34. A recording apparatus of a recordable multi-layer 
rotary recording medium having a plurality of re- 
cording layers each having data recording areas di- 
vided in a tracing direction of a light beam by pre- so 
formatted areas, comprising: 

a reading portion for detecting a reflection light 
from a recording layer to which a recording is 
to be made and converting the detected light 55 
into a read signal; 

a detecting portion for detecting a position of a 
Preformatted area of a recording layer which 



said optical beam transmits therethrough other 
than the recording layer to which a recording is 
to be made; and 

a correcting portion for correcting intensity of 
an irradiation light beam upon recording based 
on said read signal and the preform alted area 
position. 

35. A recording apparatus according to claim 34, 
wherein said correcting portion corrects intensity of 
an irradiation light beam upon recording based on 
a component of the read signal synchronized with 
rotation of said multi-layer rotary recording medium. 

36. A recording apparatus according to claim 34, 
wherein said correcting portion performs correction 
based on size of said p reformatted area of a record- 
ing layer which said optical beam transmits there- 
through other than the recording layer to which a 
recording is to be made and a distance between the 
recording layer which said optical beam transmits 
therethrough and the recording layer to which a re- 
cording is to be made. 

37. A recording apparatus according to claim 34, 
wherein said correcting portion corrects intensity of 
an irradiation light beam upon recording based on 
a low-frequency band component of said read sig- 
nal. 

38. A recording apparatus according to claim 34, 
wherein said multi-layer rotary recording medium 
comprises a iand-and-groove structure formed by 
lands and grooves, the detection In said reading 
portion and the correction in said correcting portion 
being executed for each of said lands and said 
grooves. 

39. A recording apparatus according to claim 38, further 
comprising an averaging portion for averaging read 
signals for said lands and said grooves, said cor- 
recting portion correcting intensity of an irradiation 
light beam upon recording based on an averaged 
read signal. 

40. A recording apparatus according to claim 34, 
wherein said reading portion measures time of the 
read signal with respect to, as a reference time, a 
detection time of a reflection light from said Prefor- 
matted area of the recording layerto which a record- 
ing is to be made, said correcting portion correcting 
intensity of an irradiation light beam upon recording 
based on said reference time. 

41. A recording apparatus according to claim 34, 
wherein said reading portion measures time of the 
read signal with respect to, as a reference time, a 
detection time of a reflection light from said prefor- 
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matted area to which a recording is to be made, said 
correcting portion correcting intensity of an irradia- 
tion light beam upon recording based on the refer- 
ence time, a reflection light intensity in said p refor- 
matted area of the recording layer which said optical 
beam transmits therethrough other than the record- 
ing layer to which a recording is to be made and a 
distance between the recording layerwhich said op- 
tical beam transmits therethrough and the recording 
layer to which a recording is to be made. 

42. A recording apparatus according to claim 34, further 
comprising a portion for calculating from said read 
signal an eccentricity amount and a rotation angle 
deviation of at least one other recording layer with 
respect to the recording layer to which a recording 
is to be made, a portion for storing the eccentricity 
amount and the rotation angle deviation for each re- 
cording layer and a portion for calculating a correc- 
tion time and a correction value for each of the at 
least one other recording layer from the eccentricity 
amount and the rotation angle deviation, wherein 
said correcting portion corrects intensity of an irra- 
diation light beam upon recording based on said 
correction time and said correction value. 

43. A recording apparatus according to claim 34, 
wherein said cor recti na oortion includes an adiusf- 
ing portion for adjusting a correction value on the 
basis of a variation in a variation parameter of said 
read signal due to execution of the correction. 



46. A recording apparatus according to claim 43, 
wherein said variation parameter is a magnitude of 
an envelope of said read signal. 

47. A recording apparatus according to claim 43, 
wherein said adjusting portion adjusts said correc- 
tion value when a variation in said variation param- 
eter exceeds a predetermined value. 

48. A recording apparatus according to claim 34, further 
comprising a determining portion for determining a 
change of the multi-layer rotary recording medium 
to which a recording is to be made. 

49. A recording apparatus according to claim 34, 
wherein said multi-layer rotary recording medium is 
a zone constant angular velocity (ZCAV) disc : said 
determining portion includes an identifying portion 
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25 



30 



44. A recording apparatus according to claim 43, 
wherein said variation parameter is a jitter amount 

of said read signal. 35 

45. A recording apparatus according to claim 43, 
wherein said variation parameter is an amplitude of 
said read signal. 



40 



45 



50 



55 



for identifying a change of a zone to which a record- 
ing is to be made. 

50. A reproducing apparatus of a recordable multi-layer 
rotary recording medium having a plurality of re- 
cording layers each having data recording areas di- 
vided in a tracing direction of a light beam by pre- 
formatted areas, comprising; 

a reading portion for detecting a reflection light 
from a recording layer from which a reproduc- 
tion is to be made and converting the detected 
light into a read signal; 

a detecting portion for detecting a position of a 
Preformatted area of a recording layer which 
said optical beam transmits therethrough other 
than the recording layer from which a reproduc- 
tion is to be made; and 

a correcting portion for correcting a reproduced 
signal upon reproduction on the basis of said 
read signal and the preformatted area position. 

51 . A reproducing apparatus according to claim 50, 
wherein said correcting portion corrects a repro- 
duced signal upon reproduction on the basis of a 
component of the read signal synchronized with ro- 
tation of said multi-layer rotary recording medium. 

52. A reproducing apparatus according to claim 50, 
wherein said correcting portion performs correction 
based on size of said preformatted area of a record- 
ing layer which said optical beam transmits there- 
through other than the recording layer from which a 
reproduction is to be made and a distance between 
the recording layer which said optical beam trans- 
mits therethrough and the recording layer from 
which a reproduction is to be made. 

53. A reproducing apparatus according to claim 50, 
wherein said correcting portion corrects a repro- 
duced signal upon reproduction on the basis of a 
low-frequency band component of said read signal . 

54. A reproducing apparatus according to claim 50, 
wherein said multi-layer rotary recording medium 
comprises a land-and-groove structure formed by 
lands and grooves, said reading portion and said 
correcting portion being executed for each of said 
lands and said grooves. 

55. A reproducing apparatus according to claim 54, fur- 
ther comprising an averaging portion for averaging 
read signals for said lands and said grooves, said 
correcting portion correcting a reproduced signal 
upon reproduction on the basis of an averaged read 
signal. 

56. A reproducing apparatus according to claim 50, 
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wherein said reading portion measures time of the 
read signal with respect to. as a reference time, a 
detection time of a reflection light from said Prefor- 
matted area of the recording layer from which a re- 
production is to be made, said correcting portion s 
correcting a reproduced signal upon reproduction 
on the basis of said reference time. 

57. A reproducing apparatus according to claim 50, 
wherein said reading portion measures time of the 10 
read signal with respect to. as a reference time, a 
detection time of a reflection light from said Prefor- 
matted area from which a reproduction is to be 
made, said correcting portion correcting a repro- 
duced signal upon reproduction on the basis of the 15 
reference time, a reflection light intensity in said pre- 
formatted area of the recording layer which said op- 
tical beam transmits therethrough other than the re- 
cording layer from which a reproduction is to be 
made and a distance between the recording layer 20 
which said optical beam transmits therethrough and 

the recording layer from which a reproduction is to 
be made. 

58. A reproducing apparatus according to claim 50, fur- 25 
ther comprising a portion for calculating from said 
read signal an eccentricity amount and a rotation 
angle deviation of at least one other recording layer 
with respect to the recording layer from which a re- 
production is to be made, a portion for storing the so 
eccentricity amount and the rotation angle deviation 
foreach recording layer and a portion forcalculating 

a correction time and a correction value for each of 
the at least one other recording layer from the ec- 
centricity amount and the rotation angle deviation, 35 
wherein said correcting portion corrects a repro- 
duced signal upon reproduction on the basis of said 
correction time and said correction value. 



wherein said adjusting portion adjusts said correc- 
tion value when a variation in said variation param- 
eter exceeds a predetermined value. 

64. A reproducing apparatus according to claim 50, fur- 
ther comprising a determining portion for determin- 
ing a change of the multi-layer rotary recording me- 
dium from which a reproduction is to be made. 

65. A reproducing apparatus according to claim 50, 
wherein said multi-layer rotary recording medium is 
a zone constant angular velocity (ZCAV) disc, said 
determining portion includes an identifying portion 
for identifying a change of a zone from which a re- 
production is to be made. 



59. A reproducing apparatus according to claim 50, 40 
wherein said correcting portion includes an adjust- 
ing portion for adjusting a correction value on the 
basis of a variation in a variation parameter of said 
read signal due to execution of the correction. 

45 

60. A reproducing apparatus according to claim 59, 
wherein said variation parameter is a jitter amount 
of said read signal. 

61. A reproducing apparatus according to claim 59. 50 
wherein said variation parameter is an amplitude of 
said read signal. 

62. A reproducing apparatus according to claim 59, 
wherein said variation parameter is a magnitude of 55 
an envelope of said read signal. 

63. A reproducing apparatus according to claim 59, 
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ulti-layer rotary recording medium and recording/reproducing method and apparatus 
thereof 



(57) A recording method includes a reading step of 
detecting a reflection light from a recording layerto which 
a recording is to be made and converting the detected 
light into a read signal; a detecting step of detecting a 
position of a preformatted area of a recording layer which 



e optical beam transmits therethrough other than the 
recording layerto which a recording is to be made; and 
a correcting step of correcting intensity of an irradiation 
light beam or a reproduced signal on the basis of the read 
signal and the preformatted area position. An apparatus 
for carrying out the recording method is also provided. 
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